A flame spectrophotometric method for estimating magnesium in biological fluids and tissues is described. It may be applied to the Zeiss spectrophotometer PMQ II with flame attachment. Interferences are small, and recoveries from plasma and urine and from ashed faeces, soft tissue, and bone are satisfactory. Calcium can be measured on the same dilutions of plasma and urine and faecal ash. Sodium, potassium, calcium, and magnesium can be estimated on the same dilutions of soft tissue and bone ash.
A flame spectrophotometric method for estimating magnesium in biological fluids and tissues is described. It may be applied to the Zeiss spectrophotometer PMQ II with flame attachment. Interferences are small, and recoveries from plasma and urine and from ashed faeces, soft tissue, and bone are satisfactory. Calcium can be measured on the same dilutions of plasma and urine and faecal ash. Sodium, potassium, calcium, and magnesium can be estimated on the same dilutions of soft tissue and bone ash.
The plasma magnesium concentration of normal subjects falls within a narrow range. Differences between mean normal values previously reported may be partly attributed to the magnesium salt used in preparation of standard solutions.
Due to the lack of suitable analytical methods very little is known of the role of magnesium in disease in man. Available methods are either tedious or inaccurate, and plasma magnesium concentrations are estimated in clinical laboratories as rarely as was potassium before the advent of the flame photometer.
Flame photometric estimation is made difficult by the much higher excitation potential of magnesium compared with that of sodium, potassium, and calcium (Mavrodineanu and Boiteux, 1954) .
The magnesium oxide band at 371 mI is more easily excited than the atomic line at 285.2 mV, but has been used only at the expense of a cumbersome internal standard procedure to avoid interference by sodium (Teloh, 1958) or of separate estimation and adjustment of the sample sodium concentration (Wacker and Vallee, 1957) . Unfortunately the flame background at 285.2 miu is extremely complex and a further complication is the presence of a sodium line at 285.3 m,u (Mavrodineanu and Boiteux, 1954) . Hence a very narrow band width must be selected by the monochromator in order to isolate the magnesium emission. This may lead to inadequate sensitivity. Davis (1955), Manna, Strunk, and Adams (1957) and van Fossan, Baird, and Tekell (1959) used an organic solvent to enhance emission, and Kapuscinski, Moss, Zak, and Boyle (1952) attained adequate sensitivity by concentrating the sample after wet oxidation. This paper describes a simple flame spectrophotometric method which overcomes these difficulties. EXPERIMENTAL The flame spectrophotometer previously described (MacIntyre and Davidsson, 1958) was used with an oxyacetylene flame. Oxyhydrogen gave insufficient sensitivity. The oxygen pressure was set at 25 lb./sq. inch, the slit width at 0.02 mm., and the wavelength selector at about 285 my. The peak of the magnesium line was located by noting the maximum deflection on the galvanometer when a concentrated solution (50 mEq./l.) of a magnesium salt was sprayed, while rotating the wavelength selector through 284 to 286 m,u. The acetylene pressure was then adjusted to produce the greatest possible value of the ratio: emission due to magnesium emission due to flame background when a solution of 0.1 mM-magnesium salt was sprayed. Sensitivity was judged adequate when this ratio was 1.0 or greater with a 0.1 mM-magnesium solution. The instrument was then ready for taking readings. (2) Phosphate solution (10 ml.) and sodium solution (25 ml.) were diluted to approximately 700 ml. in a volumetric flask. Perchloric acid (55.5 ml.) was added and the volume made up to 1 litre. This solution was used for analysis of faecal ash.
(3) H3PO4 (1 ml.) was added to HC1 (100 ml.) and the volume made up to 1 litre. This solution was used for soft tissue and bone analysis.
Procedure Plasma or Serum.-One volume of plasma or serum is added drop by drop to 9 volumes of combined diluting and deproteinizing fluid 1. The tube is capped with " parafilm " (A. Gallenkamp & Co. Ltd., London, E.C.2) and the contents mixed by gently inverting the tube several times. It is then centrifuged and the clear supematant used.
Urine.-Urine may be diluted similarly to plasma, or dilution increased, e.g., 1 in 20 as necessary. Twentyfour-hour urine specimens should be collected in a Winchester bottle containing 10 ml. concentrated HCI in order to prevent precipitation of magnesium.
Faeces.-Specimens were homogenized and a sample dried at 105°for 16 hours. A known weight (approximately 1.0 g.) was ashed in a platinum crucible at 400'. The ash was dissolved in N-HCI (200 ml. HC1 per gram of dry faeces). The solution was thoroughly shaken to ensure complete dissolution. The solution was further diluted as required with combined diluting and deproteinizing fluid 2. Further ten-or twenty-fold dilution was normally appropriate.
Soft Tissues.-Soft tissues were treated as previously described (Maclntyre and Davidsson, 1958) . The ash was dissolved in diluting fluid (4 ml. per 20 mg. tissue powder).
Bone.-Bone was dried at 105' for 16 hours. It was defatted by immersing for eight hours in changes (3 x 5 ml.) of a mixture of equal volumes of diethyl ether and light petroleum (B.P. 40'-60'). The sample was again dried at 105-for six hours, weighed, and ashed in a platinum crucible at 420'. The ash was dissolved in three or four drops of HCI, taken to dryness and redissolved in diluting fluid 3 (40 ml. per 200 mg. dried fat-free bone Urine of low magnesium content obtained from magnesium-deficient rats was used for recovery experiments (Table Illa) . In addition a constant amount of magnesium was added to human urine specimens of differing composition (Table IlIb) .
Varying amounts of magnesium were added to dried homogenized faeces, dried muscle which had previously been defatted and homogenized, and to dried defatted bone. Recovery of magnesium added to samples of each is shown in Tables V, VI, and VII respectively. (Maclntyre, 1957) . (Mellor, 1923) . Complete decomposition of magnesium carbonate only occurs at 900' (Mellor, 1923) . The mean normal value obtained using standards prepared from magnesium oxide treated in this way (Davis, 1955; Carr and Frank, 1956) that obtained when the source is pure magnesium metal (van Fossan et al., 1959; Hunter, 1958) or magnesium sulphate as used in this method. Indirect measurement of plasma magnesium by phosphate precipitation gives similar results (Simonsen, Westover, and Wertman, 1947) . Magnesium oxide heated to 1100 or 1200 would be expected to produce high results and this is seen to be the case (Schachter, 1959; Wacker and Vallee, 1957) . 
